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Received February 8, 2011; accepted June 2, 2011AbstractBackground: Noise-induced hearing loss (NIHL) is one of the common diseases in otology. In general, we assume that most people who are
exposed to loud noise constantly, e.g., soldiers, will suffer from hearing loss. Hearing loss is related to the gene polymorphisms, with the
Wolfram syndrome type 1 gene (T2500C), interleukin-4 receptor a chain (Q576R) and chloride channel-Kb (T481S) polymorphisms being most
related to NIHL.
Methods: We analyzed the association between the polymorphisms and the risk of NIHL in 119 subjects who were exposed to the same loud
gunfire. In the current study, 39 persons with hearing loss and 80 with normal hearing were recruited from military officers and soldiers that were
exposed to gunfire.
Results: The results showed that the genetic variation of Wolfram syndrome type 1 gene was a more crucial factor than other genes in causing
hearing loss. There was a significant difference ( p¼ 0.027) in WFS1 (T2500C) polymorphism between NIHL subjects and controls.
Conclusion: In this study, we found that although loud noise could usually result in hearing damage, the clinical characteristics of hearing loss
were irrelevant to gunfire noise. The gene polymorphisms provide predictors for us to evaluate the risk of NIHL prior to gunshot training.
Copyright  2011 Elsevier Taiwan LLC and the Chinese Medical Association. All rights reserved.
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It is well known that those who fire guns from the shoulder
tend to have greater high-frequency hearing losses in their
ears.1 Gunfire is one of common noise exposures in an army.
However, military personnel face risk of noise-induced
hearing loss (NIHL) due to excessive noise exposure in the* Corresponding author. Dr. Kuo-Hsun Chiu, Department and Graduate
Institute of Aquaculture, National Kaohsiung Marine University, 142, Hai-
Chuan Road, Nan-tzu, Kaohsiung 811, Taiwan, ROC.
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doi:10.1016/j.jcma.2011.09.015workplace through their military career. Robert2 reported
noise levels of 140e160 dB (A) with frequency more than
2000 Hertz (Hz) were produced by any small-scale handheld
weapon with 0.6 inches (1.5 cm) bore or below. In South
Korean, hearing loss related to the position of the head was
observed in the soldiers after gunfire exercises.3 The risk of
hearing loss increased exponentially with the amount of time
exposed to noise levels greater than 80 dB (A). A previous
study showed that approximately 70% of hearing impairment
in 1794 soldiers was induced by high-frequency noise, while
a minority of soldiers in the same workplace were not
affected.4 Increased risk of hearing loss associated with noisehinese Medical Association. All rights reserved.
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elucidated the association between gene polymorphisms and
the risk of hearing loss.
The Wolfram syndrome type 1 gene (WFS 1), encoding
a hydrophobic transmembrane protein, is related to the
disordered characterization of diabetes insipidus, diabetes
mellitus, optic atrophy and deafness (DIDMOAD).5,6 More-
over, a mutation of the WFS 1 (T2500C) gene is also asso-
ciated with low-frequency sensorineural hearing loss
(LFSNHL).7e9 In addition, it is reported that the association
between the interleukin 4 receptor (IL4R)achain and the
development of atopic diseases has been established.10e12
Also, the polymorphism of Q576R in the achain of IL4R
was associated with the risk of sudden deafness (SD).13
Besides, the Bartter syndrome, a sensorineural deafness and
a rare salt-wasting disorder, is associated with the mutation of
the chloride channel (ClC) gene.14e16 In 2006, polymorphisms
of ClC-Kb (T481S), which is one of the ClC genes, were
indentified and proved to be related with tinnitus.17
Hearing loss caused by gunfire is recognized to be one of
the most common occupational injuries. To take protective
measures and ensure occupational safety, it is necessary to
examine the possible risk factors. Therefore, the aim of this
study was to find out which of these three genes, namely the
WFS1 (T2500C), IL4-R (Q576R) and ClC-Kb (T481S) poly-
morphisms, is most related to NIHL. This result will help us to
establish a predictive model to serve as a risk-screening for
NIHL used before gunshot training.
2. Methods2.1. ParticipantsThe protocol was approved by the ethics committee of the
Kaohsiung Armed Forces General Hospital. In the current
study, 39 persons with hearing loss and 80 with normal
hearing were recruited from military officers and soldiers who
were exposed to gunfire. All participants had to sign an
agreement and answer a questionnaire to provide information
about their lifestyle, physiology, personal and family history.
The clinical laboratory examination items included age,
height, weight, blood glucose, triglyceride, total cholesterol,
and hearing test.2.2. Blood sample and DNA extractionWhole-blood samples were collected and stored at 4 C
until the samples were delivered to the laboratory withinTable 1
Primers used in mutation system PCR for genetic analysis.
Gene (SNP)
Sense strand
IL4-Ra (Q576R) C sense: ATGGAAATTATGTAAACAGTCA
T sense: AATGGAAATTAGTAAACAGTTA
ClC-Kb (T481S) A sense: TCAGGGGCTGTGACCCACAA
T sense: TCAGGGGCTGTGACCCACTA12 hours to undergo the DNA extraction. Genomic DNA was
extracted by standard phenol-chloroform extraction from
peripheral blood mononuclear cells, which was obtained by
Ficoll density gradient centrifugation or from whole blood by
using a commercially available DNA isolation kit (QIAmp
blood kit; Qiagen, Krefeld, Germany). Then, the genomic
DNA was stored at 20 C until used.2.3. Genotyping of WFS1 (T2500C) polymorphismThe polymorphism ofWFS1 (T2500C) genewas assessed by
PCR amplification, with the primers being 50 GTCAAGCT-
CATCCTGGTGTG 30 (sense) and 50 CCATGTTGGTC-
TCCTTCCAG 30 (antisense). Amplification was performed by
using a Perkin-Elmer 2400 thermal cycler (Applied Biosystems,
Foster City, CA,USA). The amplification conditionswere 95 C
for 10 minutes, followed by 35 cycles of 95 C for 30 seconds,
58 C for 30 seconds and 72 C for 45 seconds, and a final
incubation at 72 C for 7 minutes. The PCR fragments were
digested with 7.5 U of Nal III in a final volume of 10 mL at 37 C
for 4 hours. The digested products were separated on a 4%
agarose gel stained by ethidium bromide (0.5 mg/mL), and
genotypes were determined by analyzing different bands.2.4. Mutational analysis of the IL-4-Ra (Q576R)
and ClC-Kb (T481S) polymorphismsThe amplification refractory mutation system polymerase
chain reaction (ARMS-PCR) was used.18 For each sample,
two parallel reactions were performed by using the primers
listed in Table 1. The IL-4-Raallele C was amplified by the
primer pair generic IL-4-Ra(Q576R) C, and the IL-4-Raallele
Twas amplified by the primer pair generic IL-4-Ra(Q576R) T.
The amplification conditions were 94 C for 5 minutes, fol-
lowed by 35 cycles of 94 C for 15 seconds, 52 C for
30 seconds and 72 C for 30 seconds, and a final incubation at
72 C for 7 minutes. The PCR products were resolved on 2%
agarose gel of size 190 bp. Similarly, the T481S poly-
morphism of ClC-Kb was genotyped by PCR amplification
using the primers listed in Table 1. The IL-4-Ra allele A and
the IL-4-Ra allele T were amplified by the primer pair generic
ClC-Kb (T481S) A and ClC-Kb (T481S) T, respectively. The
amplification conditions were 94 C for 5 minutes, followed
by 35 cycles of 94 C for 15 seconds, 58.5 C for 30 seconds
and 72 C for 30 seconds, and a final incubation at 72 C for 7
minutes. The genotype of ClC-Kb was examined by analyzing
the obtained band separated on 2% agarose gel, and the PCR
product size was 160 bp.Primers, 50-30
Antisense strand Product size
GAGTCTGTTCTAGTAGGA 190 bp
CTTGACAATGACGGTGCCAT 160 bp
Table 3
38 B.-C. Yuan et al. / Journal of the Chinese Medical Association 75 (2012) 36e392.5. Statistical analysis
Comparison of genotypes frequencies of SNPs WFS1 (T2500C), IL-4Ra
(Q576R) and ClC-Kb (T481S) between subjects with hearing loss and
controls.
SNP types n Genotypes p
WFS1(T2500C) T/T T/C C/C
Hearing loss 39 0 (0.00) 37 (0.86) 6 (0.14) 0.03*
Controls 80 0 (0.00) 50 (0.68) 24 (0.32)
IL-4Ra (Q576R) C/C C/T T/T
Hearing loss 39 31 (0.70) 12 (0.30) 0 (0.00) 0.15
Controls 80 34 (0.49) 36 (0.46) 4 (0.05)
ClC-Kb (T481S) A/A A/T T/T
Hearing loss 39 43 (1.00) 0 (0.00) 0 (0.00) 0.18
Controls 80 71 (0.96) 3 (0.04) 0 (0.00)
* p < 0.05.The frequencies of genotype were calculated by c2 test.19
Logistic regression was used to test for differences in geno-
type frequencies between patients with hearing loss and
normal controls. A p value of <0.05 was considered signifi-
cant for all analyses.
3. Results
Clinical characteristics of the 39 subjects with hearing loss
and 80 normal subjects in this NIHL study are summarized
in Table 2. No significant differences in the distribution of
clinical characteristics (age, height, weight, blood glucose,
triglyceride, total cholesterol) were noticed.
Because most people are used to using their right hand,
hearing loss almost always occurs in the left ear of military
soldiers. Tinnitus caused by gunshot exposure does not always
accompany the damage in hearing ability. If the tinnitus
accompanies the hearing loss, it usually occurs in the loss of
high frequencies of 4000 Hz, 6000 Hz and 8000 Hz. Pure tone
audiometry showed that the hearing loss usually appeared in
the 40e60 dB range of the average hearing threshold. Addi-
tionally, in military soldiers and officers undergoing audio-
metric examination due to gunshot exercises, the duration of
tinnitus usually occurred for more than one week.
The distributions of the WFS1, IL-4-Ra and ClC-Kb
genotypes are shown in Table 3. There was a significant
difference ( p¼ 0.027) in WFS1 (T2500C) polymorphism
between NIHL subjects and controls. However, the genotype
frequencies of IL-4-Ra (Q576R) and ClC-Kb (T481S)
( p¼ 0.149 and p¼ 0.184, respectively) did not show
a significant difference. The results show that the genetic
variation of WFS1 is a more important cause than those of
IL-4-Ra and ClC-Kb in NIHL.
4. Discussion
The polymorphism of WFS1 (T2500C) can be treated as
a predictor to prevent the occupational hazard from the gunfire
noise exposure. Hearing loss is possibly caused by many
physical characteristics, environmental factors, mental status,
sickness and habits. For example, physical characteristics can
include age, weight, height, races, and sex; environmental
factors can include noise exposure; mental status can include
trauma; sickness can include ear disease and health history;
habits can include toxic drugs and alcohol drinking. AmongTable 2
Clinical characteristics of subjects with hearing loss and controls.
Hearing loss
(n¼ 39)
Controls
(n¼ 80)
p
Age (years) 23 3 22.6 1.4 0.12
BMI (kg/m2) 22.1 2.6 22.2 2.1 0.86
Plasma glucose (mg/dL) 85.5 14.6 89.8 7.3 0.37
Total cholesterol (mg/dL) 162.1 33.4 167.6 23.9 0.08
Triglyceride (mg/dL) 103.3 52.3 99.1 66.2 0.73them, noise exposure is a common environmental factor at
a workplace that causes temporary or permanent damage of
hearing loss for human beings.20,21 In this study, we analyzed
the clinical characteristics of Taiwan military officers and
soldiers (n¼ 119); these characteristics included age, height,
weight, blood glucose, triglyceride and total cholesterol. The
result from 39 subjects with hearing loss and 80 normal ones
indicated that there was no significant relationship between the
clinical characteristics and NIHL. Thus, NIHL in military
officers and soldiers observed in this study was related to
genetic diversity, not personal characteristics.
During clinical examination, NIHL caused by the gunshot
exposure almost always occurred in the left ear; in addition to
the shorter distance between the muzzle and the left ear than
the right ear, the brain becomes a barrier protecting the right
ear from transmitted noise.
WFS1 is a transmembrane protein with nine domains which
does not share similarity with other proteins, and its function is
still unknown. In 2001, Bespalova et al7 reported that some
mutations in LFSNHL families were found in the portion of
exon 8 that encoded the C-terminal domain of WFS1. Among
several polymorphisms, none was identified in the N-terminal
domain or any of nine transmembrane domains. In 2007, Tsai
et al9 demonstrated that a heterozygous missense mutation in
exon 8 of WFS1 (T2005C) was associated with the low-
frequency sensorineural hearing loss (LFSNHL) in one
Taiwanese family. In this study, we confirmed that the poly-
morphism of WFS1 (T2005C) was more associated with
hearing loss than other proteins. On the other hand, WFS1 is
associated not only with LFSNHL but also high-frequency
loss. Although the function of the Wolframin protein
remains completely unknown, we can predict that, if tyrosine
is replaced by histidine with charged residue, then the histidine
will change the conformation of the protein.
Several chromosomal loci have been identified and asso-
ciated with LFSNHL, including 5q31 (DFNA1), 4p16
(DFNA6/14/38) and 5q31 (DFNA54), and WFS1 is associated
with DFNA6/14/38. In addition, WFS2 was also found in
a second locus on 4q22-24, which might be another deafness
gene.22 In fact, Wolfram syndrome is genetically heteroge-
neous; some patients with Wolfram syndrome did not show
39B.-C. Yuan et al. / Journal of the Chinese Medical Association 75 (2012) 36e39any mutations in WFS1.6 Because the genetic heterogeneity
and frequency of WFS1 variants in the general population are
complicated, the significance of missense mutation has to be
studied further.
In this study, we have identified WFS1 (T2500C) as the
candidate gene that is related to NIHL caused by the gunfire
noise. This result shows that we can rely on the WFS1
(T2500C) polymorphism as a predictor for screening the
genotype in all new military recruits. If the source of the noise
cannot be avoided, personal preventive measures (earplugs and
earmuffs) can be used to reduce the damage caused by noise
exposure.
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